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ABSTRACT 

PURPOSE: To make a high speed printing of a large object under a 
non-contact condition and save labor for plate making and plate 
replacement, etc., by a method wherein while considering a travel detecting 
speed on an object to be printed and arranging positions of respective ink 
discharge ports, application of a pulse voltage onto an ink jet head is 
controlled . 

CONSTITUTION: When a corrugated fiberboard 1 is carried by a vacuum 
carrying device 2, to respective heads 12 in respective color units 7a-10b, 
a pulse voltage with an appropriately set frequency is applied, based on a 
printing pattern information which has previously been input in a control 
unit 21 and speed information detected through a speed detector 23, and a 
desired printing is full automatically performed. This printing can be done 
with a single color, two colors or multi-color. At this time, even when a 
designated color is printed, it can be expressed by a distribution on the 
surfaces of respective colors in the same manner as an ordinary multi-color 
printing. By this method, by simply inputting a printing pattern to the 
control unit 21, different printings can be continuously performed while a 
plate making is not required, and further replacement of a plate is not 
necessary. 
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Specification 

1. Title of Invention 

Non-impact printer 

2. Claim(s) 

A non-impact printer comprising an inkjet head having multiple ink nozzles, facing a 
traveling object and arranged in the orthogonal direction of the traveling object, and designed to 
print on the object with drops of ink sprayed from each nozzle according to a pulse voltage 
applied, an ink feeder to supply ink to the inkjet head, a speed sensor to detect the moving speed 
of the object to be printed, and a controller to control application of the pulse voltage to the 
inkjet head, taking into consideration the speed level detected by the sensor and the location of 
each ink nozzle. 

3. Detailed Description of the Invention 
[Industrial Field of Application] 

The invention relates to a non- impact printer designed to print at high speed on a large 
object without touching it. 

[Prior Art and Problems Intended to be Solved by the Invention] 

Most of the conventional printers are an impact type which touches the object to create 
an image, applying print pressure to the object. 

An inkjet printer is a printer that requires no print pressure. A typical inkjet printer, 
however, prints one line while moving the head along a stationary object, feeds the object, and 
prints another line, repeating this process until an entire image is created. As a result, the inkjet 
printer is considerably slower than the impact printer, making it unsuitable for large volume 
printing or printing on large objects. 

Thus, impact printers such as rubber letterpress and flexographic printing have been used 
to print on corrugated fiberboard where the print pressure needs to be minimized to prevent 
damage on the corrugated portion. Flexographic printing, while improved in print pressure 
compared to rubber letterpress, is still an impact printer that applies pressure on the object. If the 
corrugated portion is damaged, the strength of the corrugated fiberboard will be compromised; it 
is said that in general printing reduces the strength by about 14%. 
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Furthermore, as products are more diversified, more varieties of corrugated fiberboard in 
smaller quantities are in increasing demand. Rubber letterpress and flexographic printing are too 
costly, because the plate or proof needs to be changed every time the image to print is changed. 

The invention intends to solve the problems above, offering a non-impact printer 
designed to print at high speed on large objects without touching them and save time and labor 
needed to change the plate or proof. 
[Means to Solve the Problems] 

To achieve the objective above, a non-impact printer according to the invention 
comprises an inkjet head having multiple ink nozzles, facing a traveling object and arranged in 
the orthogonal direction of the traveling object, and designed to print on the object with drops of 
ink sprayed from each nozzle according to a pulse voltage applied, an ink feeder to supply ink to 
the inkjet head, a speed sensor to detect the moving speed of the object to be printed, and a 
controller to control application of the pulse voltage to the inkjet head, taking into consideration 
the speed level detected by the sensor and the location of each ink nozzle. 
[Operation] 

Drops of ink are sprayed from each ink nozzle of an inkjet head triggered by a pulse 
voltage applied to the ink nozzle. A pulse voltage is applied to each of the ink nozzles, taking 
into consideration the location of each ink nozzle and the speed level of the object detected by a 
speed sensor, printing a desired image on the object. 
[Working Example(s)] 

The invention will be discussed with reference to a working example. 

Figure 1 outlines a work process where a non-impact printer, a working example of the 
invention, prints an image on corrugated fiberboard. As the figure shows, a corrugated 
fiberboard 1 manufactured by a corrugator not shown in the figure is advanced from the left to 
right in the figure by a vacuum conveyer 2 located over the corrugated fiberboard. The vacuum 
conveyer 2 has a pair of drive rolls 3a and 3b, a vacuum belt 4 driven by these rolls, and multiple 
vacuum boxes 5 facing the corrugated fiberboard 1 and arranged on the side of vacuum belt 4 
opposite of the one touching the corrugated fiberboard 1. The vacuum belt 4 is made of mesh, 
for example, for ventilation, and the vacuum boxes 5 suck the corrugated fiberboard 1 through 
the vacuum belt 4. Thus, the corrugated fiberboard 1 moves with the vacuum belt 4, being 
attached to the vacuum belt 4. Positioned between vacuum boxes 5 are support rolls 6, 
preventing the vacuum belt 4 from misaligning in the upward direction in the figure. 



At the bottom of the corrugated fiberboard 1 being fed in the fashion described above, 
color units 7a, 7b, 8a, 8b, 9a, 9b, 10a, and 10b of an inkjet head are arranged in order along the 
direction of the conveyer. The color units 7a to 10b have a series of ink nozzles along the width 
of the corrugated fiberboard 1, to which different colors are assigned, for example, yellow for 7a 
and 7b, red for 8a and 8b, blue for 9a and 9b, and black (dark) for 10a and 10b. As a result, one 
set of color units 7a to 10a or another set of color units 7b to 10b produces full color prints, 
allowing the operator to use one set while cleaning the other. 

The construction of the color units 7a to 10b will be described in details with reference to 
Figures 2 to 4. 

Figure 2 outlines the construction of the color units 7a to 10b in this working example. 
As the figure shows, each of the color units 7a to 10b has 10 head blocks 11 (lli to llio) 
arranged alternately in two rows so that the printable width a of each block is continuous in the 
direction of width; and as a result, each of the color units 7a to 10b can print the width b (=10a). 
Each head block 1 1, as Figure 3 shows, has 128 heads 12 (12i to 12i2s) arranged in 4 rows, 32 
per row, so that the printable width c of each head is continuous in the direction of width; and as 
a result, each head block 1 1 can print the width a that equals c x 128. 

The head 12 is an 8 dot type, that is, it has 8 ink nozzles for the printable width c, whose 
detailed construction is shown in Figure 4 (a) and (b). As the figures show, the tip of the head 12 
has 8 ink nozzles 13 in series, and the head 12 has 8 ink paths 14 through to the ink nozzles 13. 
The ink paths 14 are connected to an ink reservoir 16 through a filter 15, and ink is supplied to 
the ink reservoir 16 from an ink feeder 17 at the other end. Meanwhile, on the side of the head 
12 are piezoelectric elements 18 corresponding to the ink paths 14. These piezoelectric elements 
18 are connected to a connector 19 at the other end so that a pulse voltage is applied 
independently to each of the piezoelectric elements 18. When a pulse voltage is applied to one 
of the piezoelectric elements 18, the volume of the ink path 14 corresponding to the piezoelectric 
element 18 in question will change, spraying drops of ink from the ink nozzle 13 at the tip of the 
ink path. Thus, the head 12, by. controlling application of the pulse voltage to each piezoelectric 
element 18, prints the range of the width c composed of a series of ink nozzles 13. 

Each of the color units 7a to 10b has 1280 heads 12 arranged so that the printable width c 
of each head is continuous, resulting in 10240 (8 x 1280) dots. Connectors 19 of these heads 12 
are collected for each head block, and connected to a control signal connector 20 installed in 
each color unit as shown in Figure 1, and these control signal connectors 20 are connected to a 



controller 21. Ink is supplied to each head 12 by an. ink feed tube connector 22 installed in each 
of the color units 7a and 10b, and these ink feed tube connectors 22 are connected to different 
color ink tanks not shown in the figure. 

The controller 21 has been fed information on a pattern to print, that is, the pattern 
information on individual colors analyzed by a color scanner, and, based on this pattern 
information, controls the timing of applying the pulse voltage to the heads 12 of the color units 
7a to 10b. It takes into consideration the positional misalignment of each of the color units 7a to 
10b in the direction of the travel of the corrugated fibefboard as well as the positional 
misalignment of each of the heads 12 in the color units 7a to 10b, when controlling the timing of 
voltage application to the piezoelectric elements 18 of the heads 12. The traveling speed of the 
corrugated fiberboard 1 must also be considered to determine the timing of voltage application to 
the ink nozzle 13 in the head 12. Therefore, a speed sensor 23, for example a rotary encoder, is 
installed in the position opposite the drive roll 3a. In addition, the interval between drops of ink 
continuously sprayed from the ink nozzles 13 of the head 12 needs to be varied according to the 
traveling speed of the corrugated fiberboard 1 . Thus, the frequency of the pulse voltage applied 
to the piezoelectric element 18 of the head 12 is changed according to the traveling speed 
detected by the speed sensor 23. Furthermore, if the thickness of the corrugated fiberboard 1 
varies, drops of ink sprayed on the corrugated fiberboard 1 will land on different locations; to 
keep constant the distance between the color units 7a to 10b and the corrugated fiberboard 1, the 
vacuum conveyer 2 may be moved vertically as shown in Figure 1 within a range of a few 
millimeters, for example. 

The head blocks 1 1 in the color units 7a to 10b are removable, and so are the heads 12 in 
the head blocks 1 1 to facilitate cleaning, replacement, and other services. The head blocks 1 1 
must be cleaned regularly or according to the instructions from an error detector, which will be 
discussed later. Each of the color units 7a to 10b has its own cleaning unit 24 at the bottom. In 
cleaning, the head block 1 1 is rotated 180 degrees by an arm not shown in the figure in a 
cleaning unit 24, and cleaned by a vacuum cleaner not shown in the figure, and tested for ink dot 
consistency. Such cleaning is performed for the color units 7a to 10b, for example, every 15 
minutes. This substantially increases the actual MTBF (Mean Time Between Failures). The 
cleaning unit 24 is not necessarily set up for each of the color units 7a to 10b; for example, a 
single cleaning unit will be sufficient if designed to travel under the color units 7a to 10b. 
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Meanwhile, a dot consistency detector 25 is incorporated to check if dots are missing for 
the color units 7a to 7b. The dot consistency detector 25, for which a CCD is often used, prints a 
marker using all dots for each printing surface and examines the printed marker. If the dot 
consistency detector 25 detects a dot missing, it will notify the head block number and head 
number in question, while instructing to switch the color units 7a to 10b to another set; as a 
result, the head block or the head that failed to spray will be cleaned or replaced. The failed 
color unit may be switched for individual colors or for all colors simultaneously. The controller 
21 controls the dot consistency detection system. When a marker line is printed using all dots as 
described above, it is desirable that the printed marker line will double as a cutting marker 
needed at later process steps. 

When the corrugated fiberboard 1 is fed to the printer described above by the vacuum 
conveyer 2, it will begin fully automated printing by applying to the heads 12 in the color units 
71 to 10b a pulse voltage having a certain frequency determined by the print pattern information 
which has been entered to the controller 21 in advance and by the speed level detected by the 
speed sensor 23. Printing may be performed in single, dual, or multiple colors. When specified 
colors are printed, the colors are expressed by their surface distribution as in conventional 
multiple color printing. This makes it unnecessary to store ink in various colors. Also, if single 
color printing using ink with a specified color is requested, a single color unit with the specified 
ink may be used. Furthermore, the printer is capable of continuous printing of different patterns 
entered to the controller 21, eliminating process steps to create or exchange plates. 

The corrugated fiberboard 1 thus printed maintains its original strength because it was 
not subject to print pressure. When cut by non-contact device such as laser cutter and marked by 
perforation, the corrugated fiberboard will be made into cardboard boxes with the original 
strength intact. Naturally, the corrugated fiberboard, after printing, may be made into sheets and 
cut by stamping. 

The printer described above may be used for unprocessed corrugated fiberboard 
manufactured by the corrugator, corrugated fiberboard processed into sheets, and various 
materials other than corrugated fiberboard. 

While the working example above used pressure control heads 12, other types of heads, 
for example, field control or charge control heads, may be used. If these heads are used, the 
controller needs to control the voltage applied to electrodes to deflect sprayed ink. 
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Also, while the working example used a contact type speed sensor to monitor the speed 
of the object to print, the speed sensor may be a non-contact type; and naturally the dot 
consistency detector is not limited to the type used in the working example. 
[Effect of the Invention] 

As discussed above, a non-impact printer according to the invention prints at high speed 
on a large object without touching it; it does not require creating or changing of plates. As a 
result, the printer is effective in printing on corrugated fiberboard and printing a variety of 
images in small volumes; when used for printing on corrugated fiberboard, it prevents damage 
on the corrugated portion resulting from print pressure, assuring the original strength. 



4. Brief Description of Figure(s) 

Figure 1 shows a full outline of a working example of the invention; Figure 2 is an 
outline of its color unit; Figure 3 is an outline of its head block; and Figure 4 illustrates the 
construction of a head. 



In the figures, 
1 : Corrugated fiberboard 
2: Vacuum conveyer 
3a, 3b: Drive roll 
4: Vacuum belt 
5: Vacuum box 
7a, 7b: Color unit 
8a, 8b: Color unit 
9a, 9b: Color unit 
10a, 10b: Color unit 

11 (11, to ll,o): Head block 

12 (12, to 12i 28 ): Head 
13: Ink spray 

14: Ink path 
15: Filter 



16: Ink reservoir 
.17: Ink feeder 
18: Piezoelectric element 
19: Connector 

20: Control signal connector 

21: Controller 

22: Ink feed tube connector 

23: Speed sensor 

24: Cleaning unit 

25: Dot consistency detector 

Applicant: Yoshizawa Kogyo KK 

Agent: Hidetoshi Mitsuishi, Patent Attorney 

(and one other) 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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